The present study aimed to assess the behavior of seedlings of Schizolobium parahyba (Vell.) Blake growing on different substrates and irrigation levels, and to study the use of urban waste compost in substrates. The experiment was carried out in the College of Agricultural Sciences, Universidade Estadual Paulista (UNESP), Department of Agricultural Engineering, Jaboticabal Campus, state of São Paulo, Brazil. The experimental design used was completely randomized, consisting of 30 treatments in a factorial design with 15 substrates and two irrigation levels in four replicates. The substrates were composed of different materials: urban waste, Plantmax ® , dry cattle manure, vermiculite and soil. For the study of seedling growth, the following characteristics were evaluated: height (H), root-collar diameter (D), number of leaves, shoot dry weight, root dry weight, total dry weight, H/D ratio, Dickson's quality index, and the ratio between height and shoot dry weight (H/SDW). Assessments of the first three characteristics were carried out 20, 35, 50 and 65 days after sowing. Results showed that urban waste compost increased the growth of Schizolobium parahyba. There were significant differences for the irrigation levels tested; with better results for 150% ET compared to 100% ET irrigation level. Key words: urban waste compost, soil fertility, native species.
Introduction
One of the greatest concerns of mankind is the increase in urban waste production. Waste can cause serious environmental problems if disposal is done without safe criteria. The most adequate waste management form is by home composting, a process that generates waste compost. The inclusion of waste compost as a nutrient source in compound substrates for the production of tree seedlings may be an alternative to decrease production costs, and Sabonaro, D.Z & Galbiatti, J.A even to allow using this product in activities other than agriculture, that might generate new markets for this organic fertilizer (Nóbrega et al. 2008) .
Among the main positive effects of waste compost application is the variation of chemical attributes in acid soils, such as increase in pH, neutralization of exchangeable acidity, reduction in potential acidity, increase in organic carbon content and in the availability of phosphorus, potassium, calcium, magnesium and increase in cationic exchange capacity (Kiehl 1985; Xin et al. 1992; Wong et al. 1998; Abreu Junior et al. 2000; ), which may represent improvement in the chemical, physical and biological properties of the substrate used that may positively affect seedling production.
Seedling quality can be affected by substrate composition. Therefore, it is very important that, during cultivation, water and nutrients are provided in adequate quantities and that the physical properties of the substrate are not limiting. For substrates with lower water retention capacity (rice hull ash, sand, crushed coal, etc.), for example, irrigation must be more frequent or at higher volume than for substrates with higher water retention capacity (subsoil earth, organic compost, humus, coconut fiber, etc.) (Wendling & Gatto 2002) .
Moreover, quality assessment of seedlings in condition for planting takes into account morphological and physiological aspects. Physiological parameters are difficult to measure and analyze, mainly in commercial forest nurseries. Frequently, they do not allow assessing efficiently the real survival capacity and initial growth of seedlings after planting, that does not meet the expectations of any forestry enterprise (Gomes 2001) .
Although the ratio between shoot dry weight and root dry weight is considered to be an efficient and safe index to assess seedling quality, it may not properly express growth in the field (Burnett 1979) , and should be complemented with other parameters such as shoot height and rootcollar diameter.
According to Carneiro (1995) , the shoot height of the seedlings at the final transplant plays an important role in their survival during the first years after planting. This author emphasizes, though, that seedlings with higher survival perspective and higher initial growth must exhibit a root-collar diameter equal to or greater than the ratio [height (cm)/8.1].
Schizolobium parahyba (Vell.) Blake, popularly known as Brazilian firetree or guapuruvu, is native to the Atlantic Forest, and occurs from the state of Bahia to Santa Catarina. The Brazilian firetree is a pioneer species and one of the fastest-growing native species; it can be used in the reforestation of degraded areas in mixed compositions (Lorenzi 1992) .
The aim of this study was to assess seedling growth of Schizolobium parahyba (Vell.) Blake cultivated in substrates composed of different combinations of five materials, including urban waste compost; as well as to analyze the effect of irrigation on the growth of these seedlings under nursery conditions.
Material and Methods
The experiment was carried out in a greenhouse, in an area belonging to the Department of Agricultural Engineering, Faculdade de Ciências Agrárias e Veterinárias -Universidade Estadual Paulista (UNESP), Jaboticabal Campus, state of São Paulo, southeastern Brazil, (21°15'15"S, 48°18'09"W; 595 m). According to Köppen, the regional climate is classified as Cwa, i.e. humid subtropical with dry winter. Average annual rainfall is c. 1,400 mm and average annual temperature is c. 21ºC.
Seeds of Schizolobium parahyba (Vell.) Blake for seedling production were obtained at the Experimental Nursery of Ornamental and Forest Seedlings ("Viveiro Experimental de Mudas Ornamentais e Florestais") of Faculdade de Ciências Agrárias e Veterinárias.
It was necessary to perform a pre-germination treatment in boiling water for two minutes (Ledo 1977) in order to break seed dormancy.
Hard plastic tubes were used (height 13 cm, with capacity for 160 cm³ of substrate), which were filled with different substrates and placed in a support structure, under a 30% shading polypropylene screen. Two seeds were placed in each tube; thinning was done around 30 days after germination. Seven days after thinning, seedlings were placed in full sunlight.
Initial and topdressing mineral fertilization followed Gonçalves et al. (1997) .
Fifteen substrates were tested, resulting from the combination of the commercial substrate Plantmax ® , widely used in the production of native seedlings, with cattle manure, waste compost, Additionally, in order to define the water blades to be applied in irrigation, evapotranspiration (ET) was estimated with an atmometer (Broner & Law 1991) . Based on these measures two irrigation levels were defined: A-(100%) and B -(150%) of evapotranspiration (ET), applied manually every day.
We used an experimental design with randomized blocks, with 30 treatments in a 15 × 2 factorial design (15 substrates and 2 irrigation levels) with four replicates.
Seedlings were cultivated in hard plastic tubes (13 cm height, with capacity for 160 cm³ of substrate), which were filled with different substrates and placed in a support structure, under a 30% shading polypropylene screen.
Cultivation in tubes demands frequent irrigation and fertilization and, therefore, it is necessary to know the physico-chemical properties of the substrates, since they are important factors for management and quality control of the cultures. So, we analyzed the characteristics of the 15 treatments used in the present study: pH obtained with a potentiometer and deionized water; apparent density, following the protocol proposed by Gonçalves & Poggiani (1996) ; and chemical composition (Tab. 3).
Seedling growth characteristics of Schizolobium parahyba were: shoot height (Hcm -measured from the substrate to the highest Table 2 -Chemical and granulometric analysis of the soil used to produce seedlings of Schyzolobium parahyba. ) and root dry weight (RDW-g plant
). The assessment of H, D and NL were carried out 20, 35, 50 and 65 days after sowing (d.a.s). We monitored seedlings until they showed adequate conditions to be planted in the field.
At the end of the experiment, in order to measure SDW and RDW, the plants were separated into root and shoots, washed in distilled water and dried in a forced air circulation oven at 65°C to constant weight. With the sum of these data, we obtained the total dry weight (TDW), the ratio between height and shoot dry weight (H/ SDW), the ratio between shoot dry weight and root dry weight (SDW/RDW), and Dickson's quality index (DQI) (Dickson et al. 1960) , with the formula: DQI = TDW/[(H/RCD) + (SDW/RDW)], where RCD stands for root-collar diameter.
An analysis of variance with F test was calculated, with 1% and 5% significance levels; averages were compared with Scott Knott's test with 1% to 5% significance level. 
Results and Discussion
Regarding the chemical analyses of soil, pH values were over 6.0 for all substrates, except for substrate 1 (Tab. 3). When pH values are over 6.0 in CaCl 2 , the acidity is classified as very low (Raij 1991) . There are many studies that show that organic fertilization increases pH (Alves et al. 1999; Oliveira et al. 2002) ; the increases observed in these studies vary according to soil, type of experiment (field or greenhouse), chemical composition of the compost, degree of maturity, and amounts applied.
In the present study the substrates that had the highest phosphorous content were 13, 14 and 15; these substrates had significant amounts of manure and waste compost. Lima et al. (2000) in a study with Schizolobium parahyba seedlings observed that 60 mg of P 2 O 5 per kg of soil exhibited the best performance.
Substrate 6 exhibited the highest potassium value. Vieira et al. (2006) , comparing the effects of different amounts of each nutrient on seedling growth of Schizolobium parahyba, observed that the omission of potassium showed the best averages of the variable studied for this nutrient.
The highest calcium content was found in the substrates 9, 10, 11, 13, 14 and 15. All had waste compost and/or manure in their composition (Tab. 3). Among the main effects of the application of waste compost on the chemical attributes of acid soils stand out increase in pH, neutralization of exchangeable acidity, reduction in potential acidity, increase in the availability of phosphorus, potassium, calcium and magnesium, and increase in cationic exchange capacity (Kiehl 1985; .
In general, organic materials that were not yet decomposed are also rich in C (May 1984) , which results in a high C/N rate, favoring the use of N by microorganisms and causing a deficiency of this element in the seedlings. In this case, addition of a nitrogen supplement is necessary, when the C/N rate is over 30/1. However, when values range from 15 to 20/1, N is liberated and this element becomes available for seedlings, as a result of microbial activity. For values from 20 to 30/1, the immobilization rate equals the decomposition rate (May 1984) . The substrates 6, 9, 10, 11, 12, 13, 14 and 15 exhibited C/N rate in the range of 15 to 20/1 (Tab. 3).
A factor that affected seedling height was the low proportion of waste compost used. In substrates with low proportion of this material: treatment 7 (15%) and treatment 8 (30%) (Tab. 1), seedlings exhibited higher average shoot height. Fachini et al. (2004) , studying orange seedlings in the greenhouse, observed that for a volume over 40%, the higher the quantity of waste used in the substrate mixture, the lower was plant growth; he also observed that plants initially exhibited a yellow coloration that disappeared after some time. This observation corroborates Stringheta et al. (1996) , who reported an increase in height of chrysanthemum plants as the concentration of waste compost increased up to a threshold of 45.76%. After that threshold, there was a reduction in plant vertical growth, and the substrate that exhibited 100% organic waste compost had the lowest plant growth rate.
Results of the statistical analysis of shoot height (H) are presented in Table 4 , results of rootcollar diameter (D) in Table 5 and of number of leaves (NL) in Averages followed by the same letter in the column did not differ at 5% significance level in Scott Knott's test (n = 4). NS stands for non-significant at 5% level, * significant at 1% level, ** significant at 5% level, CV is the coefficient of variation, and S ´ I is the interaction between substrate and irrigation. d.a.s.: Days after sowing. Averages followed by the same letter in the column did not differ at 5% significance level in Scott Knott's test (n = 4). NS stands for non-significant at 5% level, * significant at 1% level, ** significant at 5% level, CV is the coefficient of variation, and S × I is the interaction between substrate and irrigation. d.a.s.: Days after sowing. Sabonaro et al. (2009) , who studied seedling production of Tabebuia heptaphylla Vell. with different combinations of materials: Plantmax ® , dry cattle manure, vermiculite and soil. These authors concluded that urban waste compost hinders seedling growth, producing lower values of shoot height and root-collar diameter, due to pH, density and C/N ratio, independently of the dose applied.
The Brazilian firetree is a pioneer species and one of the fastest-growing native species. Pioneer species have their growth reduced in poor soils, and respond well to fertilization; whereas in plants of later successional groups, the stimulus provided by fertilization is less pronounced and sometimes absent. This trend is attributed, in part, to the slower growth characteristic of climax species (Rezende et al. 1995) .
There were significant differences between irrigation levels in shoot height in the assessments carried out 50 and 65 d.a.s. (Tab. 4), in root-collar diameter in the assessments carried out 20 and 35 d.a.s. (Tab. 5), and in the number of leaves in the assessments carried out 35, 50 and 65 d.a.s. (Tab. 6). Therefore, it is possible to infer that, for this species, water needs vary with seedling growth stage. This observation corroborates Sabonaro et al. (2009) Averages followed by the same letter in the column did not differ at 5% significance level in Scott-Knott's test (n = 4). NS stands for non-significant at 5% level, * significant at 1% level, ** significant at 5% level, CV is the coefficient of variation, and S × I is the interaction between substrate and irrigation. d.a.s.: Days after sowing.
Seedling growth of Schizolobium parahyba
There were significant differences for shoot dry weight (Tab. 7). For root dry weight, the plants in substrates 8, 9, 12, 13, 14 and 15 exhibited the highest averages. For shoot dry weight, the plants in substrates 1, 7, 8, 9, 13, 14 and 15 exhibited the highest averages There were significant differences among irrigation levels for dry weight (Tab. 7). This observation corroborates Fachini et al. (2004) , who assessed dry weight in a culture of citrus seedlings in substrates in protected environment, and observed that roots with higher weight were those from plants with irrigation levels 100 and 150% ET.
The ratio between shoot height and rootcollar diameter (H/D) showed favorable values for the establishment of plants after sowing (Tab. 8). Carneiro (1976) , studying Pinus taeda, reported that values varying from 5.4 to 8.1 are ideal for the ratio H/D. According to Carneiro (1995) , the lower this value is, the greater will be the capacity for those seedlings to survive and establish themselves.
The ratio between shoot dry weight and root dry weight (SDW/RDW) showed no significant difference among all substrates studied. Brissete (1984) proposed that 2.0 would be the best ratio between these attributes. In the present study, there was high variation of these values (0.77 to 2.45), but only for substrate 13 the value was over 2.0 g plant -1 (Tab. 8). Dickson's Quality Index (DQI) did not differ among treatments. According to Gomes et al. (2002) , the higher the quality of this index, the better the quality of the seedlings. Hunt (1990) recommended a minimum value of 0.20; the Brazilian firetree in the present study reached this value in substrates 8, 9, 10, 12, 13, 14 and 15 (all with waste compost in their composition), showing that their quality is sufficient to allow planting in the field (Table 8) . Averages followed by the same letter in the column did not differ at 5% significance level in Scott Knott's test (n = 4). NS stands for non-significant at 5% level, * significant at 1% level, ** significant at 5% level, CV is the coefficient of variation, and S × I is the interaction between substrate and irrigation. Averages followed by the same letter in the column did not differ at respectively 5% and 1% significance level, in Scott Knott's test (n = 4). NS stands for non-significant, CV is the coefficient of variation, and S × I is the interaction between substrate and irrigation.
Hence, it is possible to infer that for Schizolobium parahyba the waste compost proportions used in the substrates were not harmful, and resulted in significant differences for the parameters shoot height, H/D and DQI. It is, therefore, possible to use waste compost in the substrate for cultivating Schizolobium parahyba.
